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(57) A method of fueling a veiiicle with infomnation 
through a wireless communication device detennines a 
predicted time when the vehicle will be able to commu- 
nicate with an info-fueling station having a predictable 
geographic position. A request for infomiation from the 



vehicle is sent through the wireless communication de- 
vice to at least one wireless communication network. 
The information is routed from an information source in 
communication with the wireless communication net- 
work to the info-fueiing station and downloaded to the 
vehicle. 
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Description 

[0001] This invention reiates to mobile wireless com- 
munication, and more particularty, to a method of plan- 
ning which of various wireless communication options 
to utilize for wireless communication In a mobile envi- 
ronment when one or more wireless communication op- 
tions may be available for use, based on the location of 
the mobile user, the route the mobile user is travelling, 
and the availability of the various wireless communica- 
tion options along the route. 
Wireless communication is a key enabling technology 
for providing telematic services and the purposes that 
they serve. Different telematics services have different 
requirements in terms of communication. For example, 
automatic airtag deployment notification is a safety 
service that sends out an emergency message (includ- 
ing the car's location) In case an airbag deploys so that 
emergency and medical responses would be available 
at the right location and the earliest possible time. The 
usage of the automatic airbag deployment notification 
service is rather rare, the message is small, but its im- 
portance is very high. Therefore, the communication 
technology must have high availability and low latency 
but channel bandwidth, usage cost and scalability are 
of lesser concern. On the other hand, a media rich con- 
tent oriented service such as digital map download or 
digital music download would place high emphasis on 
low usage cost, high bandwidth and scalability on the 
communication technology. 

It is easy to demand high bandwidth, low cost and ubiq- 
uitous coverage for wireless communication solutions 
from the carriers. Such a solution would address all the 
communication concerns and would provide a perfect 
platform for all telematics services. The simple explana- 
tion is that quality of service (such as bandwidth, latency, 
etc.), cost, and availability (such as coverage) are three 
competing factors in any wireless system design. It is 
simply impossible to optimize all three factors at the 
same time. 

The current wireless communication offerings are dom- 
inated by the cellular mentalities. In such a perspective, 
the kilter application is the voice telephony sen/ice. All 
cellular technologies have the same goals regarding 
voice service: it is important to support "anytime any- 
where" calls, channel bandwidth must not vary, etc. To- 
wards these goals, all cellular architectures share the 
same fundamental similarities: Spectrum needs to be 
secured, wide-reaching tower networt<s need to be built 
and towers need to be connected in elaborately de- 
signed networi(s to assure stable service qualities for 
customers. 

Telematics, however, presents some different require- 
ments for communications. For example, scalability and 
capacity are measured in tenns of millions of cars 
cramped at the same place (highways) and at the same 
time (commuting hours). People have a very different 
tolerance level for wireless data cost versus the wireless 



voice cost. For some services such as music download, 
communication availability is somewhat relaxed, yet for 
others, not so. 

5 Background of the Invention 

[0002] Increasing numbers of vehicles come 
equipped with some fonrn of "telemattes" sen/Ice plat- 
forms. Telematics services are those services enabled 
10 by a three-way marriage among vehicles, computing 
and communication technologies, and is sometimes 
used to mean the wireless linkage of vehicles to data 
networks, particularly the Internet These telematics 
service platfonns are able to carry out various intelligent 
15 transportation system services, such as reporting a ve- 
hicle's status and position to a service center and pro- 
vide certain applications such as emergency and safety 
assistance. In the nextfew years, more telematics prod- 
ucts will be made available and eventually, most if not 
20 all vehicles will have some fomn of telematics platfonn 
that will offer various services, such as emergency serv- 
tees (e.g., emergency communication In the event of an 
incident, such as airisag deployment), navigation serv- 
ices, concierge and transaction services (e.g., restau- 
25 rant infomnation, hotel reservation), communication and 
personal information services (e.g., E-mail, calendar 
sen^ices), infomiation services (e.p., stock infomnation, 
personalized news, sightseeing Infomriation), entertain- 
ment services (e.g., interactive games, music down- 
30 loads), and so forth. 

[0003] These telematics service platfonns require the 
use of some type of wireless communication. Since 
wireless communication is generally expensive relative 
to non-wireless communication (e.g., cellular phone 
35 calls versus land line piione calls), the ability of these 
telematics products to use wireless communication op- 
tions in the most cost effective manner will be an impor- 
tant factor In the success of vehbular telematics. By 
wireless communication options, it Is meant the various 
40 wireless communication networks available, discussed 
below, the various levels of service that each type of 
wireless communication network has available (i.e. 
transmission power level), as well as any other option 
that may now be available or will be available in the fu- 
45 ture for wireless communication. 

[0004] In the near future, a variety of wireless com- 
munication options will be available for use by wireless 
communication devices in vehicles, such as satellite, 
cellular phone and short-range radio frequency (RF) 
50 links. These systems differ in cost, bandwidth and cov- 
erage. For example. In urban areas and along the major 
highways, emerging technologies, such as GPRS (gen- 
eral packet radio service) will be deployed in the U.S. In 
the next few years and will offer "always-on connec- 
ts tions" and packet oriented data communications at high- 
er bandwidths than today Improved code division mul- 
tiple access (CDMA) technology such as W-CDMA will 
also likely be established. Also, the Ricochet 2 metro- 
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polltan area access (MAN) wireless network will soon 
be available in 48 major metropolitan areas in the United 
States covering a very large percentage of the 
population . These new wireless networks typically pro- 
vide a higher bandwidth than existing wireless networks, 
such as the first generation cellular network (AM PS- 
Advanced Mobile Phone System) and the second-gen- 
eration cellular networks (GSM - Global System for Mo- 
bile Communications; CDMA - Code Division Multiple 
Access; and TDMA - Time Division Multiple Access). 
[0005] A general method to evaluate the existing and 
emerging wireless communication networks and servic- 
es for data communication is to examine their cost and 
perfomriance levels. The first generation AMPS cellular 
systems typically have a maximum data transfer rate of 
9600 bps and the second generation digital wireless 
communication systems have a maximum bandwidth of 
1 4.4 kbps. The new third generation cellular systems will 
have maximum bandwidths of around 1 28 kbps or even 
384 kbps. Since the charge for cellular communication 
is high, particularly when compared to even Interstate 
land line phone calls, the cost for transferring data using 
these systems can be quite high. For example, the cost 
to transfer one mega-byte of data using the second gen- 
eration digital wireless communication systems runs 
around $1 5.00 or higher. If a mobile user wants to obtain 
a large amount of content, the cost of doing so with cel- 
lular wireless communication can be quite high, making 
mobile data communication Involving large amounts of 
data cost prohibitive to many potential users. 
[0006] Fig. 1 provides a general illustration of the 
presently available wireless communication systems. 
They include regional area wireless networks 1 0, wide 
area wireless networks 12, metropolitan area networks 
14, and local area networks 16. Regional area wireless 
networks 1 0 provide coverage over a large geographic 
region, such as the coverage provided by satellite based 
cellular communication networks and Its cost varies 
greatly. Wide area networks 12 are exemplified by the 
existing land based cellular phone systems mentioned 
above. They provide coverage over a relatively large ge- 
ographic region, but to a lesser extent than regional area 
networks because the wide area networics utilized land 
based base station systems that individually have only 
a small geographic coverage. To obtain the wide area 
coverage, multiple base station systems must be spread 
throughout the coverage area with some degree of over- 
lap in coverage. Thus, the geographte coverage provid- 
ed by a given cellular phone system Is often detennined 
by population density and/or travel density in that locat- 
ing base station systems in sparsely populated, lightly 
traveled geographic areas may not be cost Justified. 
Metropolitan area networks 14, as the name implies, 
provide coverage only In metropolitan areas. The most 
well known type of metropolitan area networic is Metri- 
com's Richochet2 network architecture. Wireless local 
area networi<s 1 6 provide very limited geographic cov- 
erage, typically on the order of 100 yards or less. Be- 



cause of this limited geographic coverage, wireless local 
area networks have not been used to any extent in mo- 
bile communications and their application has been 
pretty much limited to use in office environments and 

5 the like where the wori< stations that are connected to 
the wireless local area network are located In close prox- 
imity to each other. One such of wireless local area net- 
woric is the 802.11 wireless LAN. 
[0007] Initially when the cellular systems first became 

10 popular, the wide area network AMPS network was 
used. More recently, cellular systems have added the 
second-generation digital networics to the wide area net- 
worics being used as well as the satellite based regional 
area networks and the metropolitan area networks. As 

^5 these additional networics have been added to the net- 
works available for mobile communication use, cellular 
in particular, mobile communication devices such as 
newer generation cell phones have been provided the 
capability to switch between various networi<s. For ex- 

20 ample, a cellular phone can utilize the first generation 
AMPS networi< or the second generation digital net- 
works (such as GPRS, GSM and CDMA), and even the 
satellite based networks. 

[0008] When the mobile communication device 

25 switches among wireless networks, this is known as ver- 
tical handoff. A simple form of vertical hand-off would 
involve a cell phone having multi-network capability se- 
lecting which network to use based upon factors such 
as cost, availability and perfonnance and switching to a 

30 second network if coverage from the first networi< is lost. 
Vertical handoff is more than just the ability to use more 
than one wireless networic. In this regard, the cellular 
phone must maintain the same phone number even 
when it has switched networi<s. For example, a user 

35 having a cell phone that has both analog and digital ca- 
pability might select the digital network If it was available 
because it has better quality than the analog network, 
but select the analog network if digital coverage was not 
available. (In today's environment, the analog networtc 

40 has broader coverage than digital coverage.) 

[0009] More sophisticated mobile communication de- 
vices will perform the vertical handoff automatically. For 
example, if a cellular phone has tri-mode capability of 
using the analog network, digital network, and satellite 

45 network, the phone might select the network to use 
based in order of preference and availability. The user 
would have entered an order of preference into the 
phone telling it to use the analog network if its available, 
then the digital network and then the satellite network. 

so Assuming that the phone first connected to the analog 
network, the phone would switch to the digital networtc 
if the user moves out of the analog coverage area, and 
then to the satellite network If the user moves out of both 
the analog and digital coverage area. Typically the 

55 phone decides to switch based upon whether it is in the 
coverage area of a given network usually detennined by 
signal strength from the network's antennas. One of the 
problems that this technique has is that by the time a 
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determination is made that the network being used 
should be switched, there may be a loss of service due 
to the time that it takes to make the switchover. Also, if 
the switch is from a more expensive network to a lesser 
expensive network, such as from the satellite network 
to either the digital or analog network, the switch from 
the satellite network may not be accomplished when the 
user first enters the coverage area for the analog or dig- 
ital network, resulting the user paying longer than nec- 
essary for the more expensive satellite network. 
[0010] Vertical handoff is a well-understood technol- 
ogy in the mobile computing field. In general, it Is about 
how to automate the connection status and routing table 
updates on top of the mobile Internet Protocol (Mobile 
IP) technology. However, due to the unpredictable na- 
ture of wireless network boundaries, there is often an 
abrupt cut-off of service when the boundary Is reached. 
Consequently, the overall direction of vertical hand-off 
research is generally focused on quick recovery 
schemes, such as preventative multicast to neighboring 
base stations. 

Today's and emerging 3G wireless technologies place 
severe restrictions on the information pipeline between 
the cars and the telematics service providers for the fol- 
lowing reasons: 

• It is expensive. For example, using the optimal serv- 
ice plan of a CDMA-based service provider would 
translate into $1 .50 per Megabyte of data transmit- 
ted. 

• It does not provide enough capacity. It is common 
knowledge that cellular calls during the commuting 
hour are often blocked because all channels are oc- 
cupied. The shortage of radio spectrums and the 
hodgepodge of networks standards In the US com- 
bined with ever increasing demand means this 
problem is not likely to be resolved anytime soon. 

• it does not provide enough bandwidth. It takes 30 
minutes to download a 3 minute long 3 Megabyte 
MP3 song over cunrent GSM or CDMA technology. 
Even if the more advanced General Packet Radio 
Service (GPRS) system is deployed in the next few 
years, it still would take 15 minutes to get the song 
- not mentioning the price. 

[0011] In the publication Route Dependent Commu- 
nication Planning For Vehicular Telematics Services, 
ITS 2000 Conference, Mai 2000, Bosten/USA, Daniel 
Jiang, Daniel Grill and Jan Pingel the usage of high 
bandwith, low geographic coverage wireless LAN tech- 
nology, called Info Fueling for telematics purposes is In- 
troduced. The publication does not teach how an Infor- 
mation download could be arranged using this technol- 
ogy. A drawback of Just using the Info Fueling without 
planning the infomnation download is that the infomria- 
tion needed possibly could not be available on the Info 
Fueling device coming up aside on a driven road, be- 
cause it is not possible to hold all the infomiation possi- 
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bty requested to be downloaded on every Info Fueling 
device. 

[001 2] it is an objective of the present invention to uti- 
lize the bandwidth available with local area networks for 
5 mobile communication in a way that it is assured that 
requested infomiation wilt be available, even though the 
geographic coverage of local area networks is limited. 

Sunfimary of the Im^ention 

10 

[0013] In order to achieve the forgoing objectives, a 
method of fueling a vehicle with information through a 
wireless communteation device in the vehicle is provid- 
ed. A predicted time when the vehicle will be able to 
'5 communicate with an info-fueling station having a pre- 
dictable geographic position is detennined. A request 
for infomiation from the vehicle is sent through the wire- 
less communication device to at least one wireless com- 
munication network. The infomriation is routed from an 
20 information source in communication with the wireless 
communication network to the info-fueling station. The 
requested information is downloaded to the vehicle 
through the info-fueling station during the time that the 
wireless communteatlon device in the vehicle is In com- 
25 munication range of the info-fueling station. 

DriveBy InfoFueling (or simply InfoFuelIng) is creating 
an infrastructure of wireless local area network access 
points at the roadside to allow high volumes of data to 
be transmitted within the several seconds it takes for a 
30 car to drive by one access point's coverage. Simply put, 
drive by InfoFueling is a concept of high bandwidth, cost 
effective communication technologies for vehicular us- 
age. DriveBy InfoFueling complements conventional 
wireless technologies to support more of the communl- 
3s cation requirements of telematics services and to open 
up even more service possibilities. 
For a car to properly utilize drive by InfoFueling, the fol- 
lowing technologies are prefenred: 

^0 • High-Bandwidth Wireless Local Area Networi< 
Technology. Wireless Local Area Networt< Technol- 
ogy such as IEEE 802.1 1 1s an accepted technology 
for the office and home environment, in the U.S. a 
committee made up of private businesses and pub- 
^5 lie agencies recently selected IEEE 802.11a R/A 
(roadside applications) as the base technology for 
licensed telematics applications. Multiple tests 
done by the industry verified that IEEE 802.11 can 
be utilized to reliably transmit multiple megabytes 
50 of data during a drive-by at vehicular speed (60 
MPH and above). 
» Wireless Service Availability Prediction. A technol- 
ogy to predict when a car will have coverage for a 
certain wireless service, including DriveBy InfoFu- 
55 eiing access points is to be used. With GPS (Global 
Position System), navigation software, digital map 
and traffic infomiation, we can predict when the car 
will be where on whteh road. This and the additional 
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knowledge of where the DriveBy InfoFueling sta- 
tions are, makes wireless service availability predic- 
tion possible. 

• Route Dependent Communication Management. 
This Is a technology based on the wireless service 
availability prediction, with a communication sup- 
port architecture to enable route depended commu- 
nication management. This means that appficatlons 
can be managed to always use the optimal wireless 
technology for any given route segment and appli- 
cation requirement. Such communication manage- 
ment can be configured for various goals such as 
minimizing cost, required bandwidth, etc. 

• Vehicular Alter Ego (VAE). VAE is a server technol- 
ogy that, on a car's behalf, arranges for the content 
retrieval in the backend and the pre-caching at a 
DriveBy InfoFueling access point. For example, if 
an In-car application needs a map and point of in- 
terest Infomriation for a particular location, it could 
send a request to the VAE so that the VAE can re- 
trieve the data and pre-cache it at the next DriveBy 
InfoFueling access point(s) along the car's predict- 
ed route. The VAE is also a natural place to imple- 
ment the financial transaction technology that 
needs to be supported In the context of mobile e- 
commence. The VAE concept also opens up the 
way for more independent network operators to en- 
ter the telematics service market. The requirement 
for networi< utilization may differ among these op- 
erators depending on their business optimization 
criteria or the technical equipment of the network 
they operate. The DriveBy InfoFueling technology 
would preserve the rights of both. At first the control 
and authority of the vehicle's driver to use an avail- 
able service and secondly at each network operator 
on the operation and usage of their networit. 

[0014] In an embodiment of the invention, a method 
is provided for selecting which of a plurality of wireless 
communication options will be used by a mobile com- 
munrcatlon device based on the location of the mobile 
communication device on a route, the route, and the 
availability for use of each of the plurality of wireless 
communication options along the route. In a further em- 
bodiment of the inventive method, infomiation indicative 
of coverage areas for the wireless communication op- 
tions available along the route are stored in a database 
by storing boundary locations of the coverage areas for 
the wireless communication options along the route 
where the boundary locations stored are boundary lo- 
cations that are on streets of the route. In a further em- 
bodiment, updated infomiation about the coverage are- 
as is periodically obtained and the database updated ac- 
cordingly. 

[001 5] In another embodiment of the invention, a uni- 
form content layer application program Interface is pro- 
vided for application programs that use mobile commu- 
nication provided by a mobile communication device. In- 



fomriation concerning any wireless communication op- 
tions that are available for use by the mobile communi- 
cation device as it traverses a route is stored in a data- 
base. The application program decide which wireless 
5 communication option to use based upon the infonna- 
tion about the wireless communication options in the da- 
tabase. 

[001 6] Another embodiment of the Invention provides 
a method of wireless transmission of data to mobile data 
10 communication devices using wireless communication 
technology that has high bandwidth but low geographic 
coverage, comprising the steps of: 

(a) providing multiple wireless communication base 
15 stations along roads, each base station having a 

high bandwidth and tow geographic coverage; 

(b) storing in the mobile data communication device 
route Infomiation that Is indicative of the route that 
the mobile communication device will be traversing; 

20 (c) storing in the mobile communication device in- 
formation indicative of coverage areas for each 
base station located along the route that the mobile 
communication device will be traversing; 

(d) detemilning which base station to use to send 
25 data to the mobile data communication device 

based on the location of the mobile data communi- 
cation device on the route that it is travelling; 

(e) transferring data to be sent to the mobile data 
communication device from a content provider to 

30 the base station that it was determined to use to 
send the data to the mobile data communication de- 
vice; and 

(f) the base station to which the data was trans- 
ferred transmitting the data to the mobile data com- 

35 munication device when the mobile data communi- 
cation devtee enter that base stations coverage ar- 
ea. 

[001 7] Another embodiment of the Invention provides 
"io a method of fueling a vehicle with infomiation through a 
wireless commu nication device in said vehicle, compris- 
ing the steps of: 

(a) determining a predicted time when said vehicle 
45 will be able to communicate with an info-fueling sta- 
tion having a predictable geographic position; 

(b) sending a request for infomiation from said ve- 
htele through said wireless. communication device 
to at least one wireless communication network; 

50 (c) routing said infomiation from an infomnation 
source In communication with said wireless com- 
munication network to said info-fueling station; and 
(d) downloading said requested infomnation to said 
vehicle through said Info-fueling station during the 
55 time that said wireless communication device in 
said vehicle is in communication range of said info- 
fueling station. 
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[0018] In the above listed embodiments of the inven- 
tion it is preferred that said info-fueling station has a 
fixed position relative to vehicles. 
[0019] In another preferred embodiment the said in- 
f omriatlon request identifies said info-fueting station and/ 
or said wireless communication networic identifies said 
info-fueling station. 

[0020] In another prefenred embodiment said wireless 
communication device Is coupled to an on-board com- 
munication network In said vehicle. 
[0021] In another prefenred embodiment said down- 
loading of information commences once the detected 
signal strength of communication between said wireless 
communication device in said vehicle with said info- 
fueling station reaches a predetemilned level. 
[0022] In another prefenred embodiment said wireless 
communication network also routes previously stored 
requests for infomriation to said vehicle through said in- 
fo-fueling station. 

[0023] In another preferred embodiment said info- 
fueiing station is mobile. 

[0024] In another preferred embodiment further the 
steps of moving each mobile info-fueling station to a lo- 
cation to optimize performance of info-fueling commu- 
nication are Included. 

[0025] Another embodiment of the invention provides 
a method of wireless transmission of data to mobile data 
communication devices using wireless communication 
technology that has high bandwidth but low geographic 
coverage, comprising the steps of: 

(a) providing multiple mobile wireless communtoa- 
tion base stations on roads, each base station hav- 
ing a high bandwidth and low geographic coverage; 

(b) storing in the mobile data communication device 
route infomriation that is Indicative of the route that 
the mobile communication device will be traversing; 

(c) storing in the mobile communication devk:e in- 
formation indicative of coverage areas for each 
base station located along the route that the mobile 
communication device will be traversing; 

(d) determining which base station to use to send 
data to the mobile data communication device 
based on the location of the mobile data communi- 
cation device on the route that it is travelling; 

(e) transferring data to be sent to the mobile data 
communication device from a content provider to 
the base station that it was detennlned to use to 
send the data to the mobile data communication de- 
vice; 

(f) the base station to which the data was trans- 
ferred transmitting the data to the mobile data com- 
munication devtee when the mobile data communi- 
cation device enter that base stations coverage ar- 
ea; and 

(g) moving the base stations to locations to optimize 
communication between base stations and a plural- 
ity of mobile data communication devtees. 



[0026] The following embodiments of the invention 
are preferred to be used together with the foregoing list- 
ed embodiments of the invention: 
[0027] A method of selecting which of a plurality of 

5 wireless communication options will be used by a mobile 
communication device, comprising the step of selecting 
which wireless communication option to use based on 
a location of the mobile communication device on a 
route, the route, and the availability for use of each of 

10 the plurality of wireless communication options along 
the route. 

[0028] This method may include the option, that one 
of the plurality of wireless communication options is not 
using any wireless communication. 
15 [0029] Another preferred embodiment is a method of 
selecting which of a plurality of wireless communication 
options will be used by a mobile communication device, 
comprising the steps of: 

20 (a) storing In the mobile communication device 
route information that is indicative of the route that 
the mobile communk:ation device will be traversing; 

(b) storing in the mobile communication device in- 
fonmation Indicative of coverage areas for each of 

25 the plurality of wireless communication options 
along the route that the mobile communication de- 
vice will be traversing; 

(c) determining where on the route that the mobile 
communication device is at as it traverses the route; 

30 (d) determining whether to switch from a first one of 
the wireless communication options presently be- 
ing used to a second one of the wireless communi- 
cation options when the mobile communication de- 
vice approaches a boundary of a coverage area of 

35 one of the wireless communication options; and 

(e) switching from the first one of the wireless com- 
munication options to the second one of the wire- 
less communication options when the mobile com- 
munication device crosses the boundary if the de- 

40 termination was made to switch to that second one 
of the wireless communication options. 

[0030] The wireless communication options may In- 
clude a plurality of wireless networi<s, wherein the wire- 

45 less communication options may include at least one of 
the wireless networks having a plurality of service levels. 
[0031 ] Again this may include the option that the wire- 
less communication options include the option of using 
not using wireless communication. 

50 [0032] Another embodiment of the invention is a 
method of selecting which of a plurality of wireless com- 
munication options will be used by a mobile communi- 
cation device, comprising the steps of: 

ss (a) storing In a database infomriation Indicative of 
coverage areas for the wireless communication op- 
tions along a route that the mobile communication 
device will be traversing; 
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(b) determining where on the route that the mobile 
communication device is at as it traverses the route; 

(c) accessing the database to obtain information re- 
garding the communication options available along 
the route and detemiining whether to switch from a 
first one of the wireless communication options 
presently being used to a second one of the wire- 
less communication options when the mobile com- 
munication device approaches a boundary of a cov- 
erage area of one of the wireless networks based 
on the wireless communication options available 
once the boundary is crossed and those that will be 
available further along the route; and 

(d) switching from the first one of the wireless com- 
munication options to the second one of the wire- 
less communication options if the detemninatlon 
was made to switch to that second one of the wire- 
less communication options. 

[0033] In this method it is preferred that the step of 
switching from the first one of the wireless communica- 
tion options to the second one of the wireless commu- 
nication options comprises establishing a connection 
with the second one of the wireless communication op- 
tions and dropping a connection to the first one of the 
wireless communication options only after the connec- 
tion with the second one of the wireless communication 
options has been established. 
In another option of the method it is preferred that the 
step of storing in a database information indicative of 
coverage areas for the wireless communication options 
along a route that the mobile communication device will 
be traversing includes storing boundary locations of the 
coverage areas for the wireless communication options 
along the route where the boundary locations stored are 
limited to boundary locations that are on streets of the 
route. 

[0034] This may further Include the step of obtaining 
updated infonnation concerning the coverage areas of 
the wireless communication options and updating the 
database with the updated infonnation. 
[0035] Another option is that the step of obtaining up- 
dated infonnation concerning the coverage areas of the 
wireless communication options includes obtaining this 
infonnation from providers of the wireless communica- 
tion options. 

[0036] Further the step of obtaining updated infonna- 
tion concerning the coverage areas of the wireless com- 
munication options may include the mobile communica- 
tion device monitoring signal strengths of the wireless 
communication options as it passes through the cover- 
age areas for the wireless communication options and 
developing updated infonnation concerning coverage 
areas for the wireless communication options based on 
the monitored signal strengths of the wireless commu- 
nication options. 

[0037] A method of storing data in a database that is 
indicative of coverage areas for wireless communication 



options along a route that a mobile communication de- 
vice is traversing, comprising the steps of: 

(a) storing boundary locations of the coverage are- 
5 as for the wireless communication options along the 

route in the database where the boundary locations 
are boundary locations on streets of the route; 

(b) periodically obtaining updated infonnation con- 
ceming the coverage areas of the wireless commu- 

10 nication options as the mobile communication de- 
vice traverses the route; and 

(c) updating the database with the updated Infonna- 
tion. 

15 [0038] in another option of the foregoing listed meth- 
ods the step of updating the database with the updated 
information includes detemnining whether the updated 
infonnation is for a location presently in the database, 

20 (a) if the updated infonnation is for a location not 
presently in the database, then storing the updated 
infonnation in the database for the location; 
(b) if the updated infonnation is for a location pres- 
ently in the database, comparing the updated infor- 

25 mation with the infonnation stored in the database 
for the location and updating the stored infonnation 
If updated infonnation Is different from the stored 
information, 

30 [0039] This may include that the step of updating 
stored information comprises shifting the stored infor- 
mation toward the updated infonnation by a parameter 
and replacing the stored information with the shifted 
stored information. 

35 [0040] Further this may Include that the step of updat- 
ing the stored information comprises doing so with a run- 
ning average method wherein the stored infomnation is 
the running average of initial infonnation and subse- 
quent update infonnation. 

40 [0041 ] A method of detennining which of a plurality of 
wireless communication options to use for data trans- 
mission with a mobile wireless communication device 
that is traversing a route, comprising the steps of deter- 
mining where the mobile wireless communication de- 

45 vice is on the route, detennining which wireless commu- 
nication option to use for the data communications and 
when to use it based upon the location of the mobile 
wireless communication device on the route and the 
availability of the wireless communication options at the 

50 location where the mobile wireless communication de- 
vice is at on the route and locations on the route where 
the mobile wireless communication device will subse- 
quently be at as It travels the route. 
[0042] It is preferred that the step of detennining 

55 which wireless communication to use and when to use 
it includes making the detennination based upon the 
cost to use each wireless communication option and/or 
that the step of determining which wireless communlca- 
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tion option to use and when to use it includes making 
the detemnination based upon the cost to and perfonn- 
ance level of each wireless communication option. 
[0043] A method of providing a uniform content ac- 
cess layer application program Interface for application 
programs that use mobile communication provided by a 
mobile communication device, comprising the steps of: 

(a) providing a database accessible by the applica- 
tion program; 

(b) storing in the database information conceming 
any wireless communication options that are avail- 
able for use by the mobile communication device 
as it traverses a route; 

(c) the application program deciding its require- 
ments for data transfer via wireless communication 
based on the information about the wireless com- 
munication options stored In the database. 

[0044] A method of providing a unifonn content layer 
application program interface for application programs 
that use mobile communication provided by a mobile 
communication device, comprising the steps of: 

(a) providing a database accessible by the applica- 
tion program; and 

(b) storing in the database infonmation concerning 
any wireless communication options that are avail- 
able for use by the mobile communication device 
as it traverses a route. 

[0045] The information about the wireless communi- 
cation options stored in the database may Include Infor- 
mation concerning cost and performance of the wireless 
communication options, DriveBy InfoFueling technolo- 
gy can enable many new applications scenarios not fea- 
sible in today's communication landscape. The following 
is a selection of possible scenarios. 

• Access to up-to-date map data and point of interest 
infonnation 

[0046] Have you ever driven in a city that is unfamiliar 
to you? A navigation system can be of great help to give 
you tum by turn directions and guide you to your desti- 
nation. However, wouldn't it be nice if those directions 
would be augmented with up-to-date traffic data and 
current point of interest infonnation? Digital map data 
for navigation systems is cun^ently provided on CDs or 
DVDs and can be up to 12 month old and thus can not 
Include up-to-date infonnation. Imagine you drive into 
San Francisco on Highway 101 and you pass a sign 
reading "Welcome to San Francisco". Attached to that 
sign could be a DriveBy InfoFueling station that would 
transmit the latest map data and point of interest infor- 
mation possibly enriched with multimedia infonnation in- 
to your vehicle. The tum-by-turn directions can now be 
refined based on the latest map data, current traffic con- 



ditions and e.g. a suggestion for a parking garage close 
to your destination that is automatically selected based 
on current availability. DriveBy InfoFueling would make 
that not only technically possible but also economically 

5 feasible. 

• Productivity Servtoes 

[0047] Imagine you drive from your office to an exter- 
nal meeting and you need directions. With DriveBy In- 
foFueling technology your calendar data, emails and 
contact database can automattoally be synchronized 
with you telematics platfonn in your vehicle. Based on 
the current time and date and your calendar entry your 
navigation system can automatically pick the destina- 
tion address for your meeting out of your contact data- 
base and compute the optimal route. While you are driv- 
ing, the agenda, the list of participants and the email 
Invitation can be read to you with text-to-speech tech- 
nology to better prepare you for the meeting. Up-to-date 
traffic conditions can be received via DriveBy InfoFu- 
eling stations along the route and based on that infor- 
mation, the navigation system can guide you around po- 
tential traffic, bringing you to the meeting well-prepared 
and in time. 

• Rich Media Download 

[0048] Just like many other people, you probably lis- 
ten to the radio in your car to enjoy a variety of music 
and news content while driving. Well, sometimes there 
is a song that you really like and that you would probably 
would buy but you couldn't catch the artist or song title 
on the radio. Even if you did, by the time you arrive at 
home, you probably forgot all about it and next time you 
are in the music store you certainly will not remember it 
either. Wouldn't it be nice if you could purchase a copy 
of a song right when you listen to It in your car and have 
the song downloaded into your car. DriveBy InfoFueling 
technology makes it possible to do so. For example, 
pressing an "Instant buy button" on your car stereo sys- 
tem could send a purchase request of the song (based 
on the station id and the current time) to an online music 
site. The backend side of DriveBy InfoFueling would is- 
sue a secure payment on your behalf to purchase a legal 
copy of the song. The purchased song can then be for- 
warded to the next DriveBy InfoFueling station along 
your route and finally be transmitted into your car while 
you are driving by. You then can listen to the song over 
and over again just like you would on a regular CD. 

• Infrastructure support for Post-PC Devices 

[0049] Another scenario where DriveBy InfoFueling 
55 technology can be beneficial is to provide infrastructure 
support for so called post-PC devices. Post-PC devices 
are personal digital assistants (PDAs), digital cameras 
(still or video) or other handheld devices. A standard dig- 
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ital camera for example might have 32MB of storage 
space to hold pictures. If that storage space is used up, 
the pictures usually need to be transferred over to a PC 
or a laptop to free up the memory and to be able to take 
more pictures. On a road-trip, however, you most likely 
do not have your PC or laptop with you to upload the 
pictures. DriveBy InfoFuelIng could provide this infra- 
structure support that would allow you to transfer the pic- 
tures directly to an online photo-site. This would not only 
allow you to use your digital camera to take more pic- 
tures, it would also allow others to immediately admire 
the pictures you have just taken online. 
[0050] Because of the following advantages Drive by 
InfoFuelIng technology enables more services more 
cost effectively: 

• it is low cost: $0.1 0 per Megabyte would be a con- 
servative estimation, because there Is no need for 
the radio frequency spectrum license and the infra- 
structure can piggyback on top of emerging digital 
networks that are already extending to the roadside 
(i.e. gas stations, coffee-chains, fast food restau- 
rants). This cost level would be at least one order 
of magnitude lower than any other communication 
service. 

• It is scalable: As demands grow, simply adding a 
few DriveBy InfoFueling stations in between exist- 
ing ones on the roadside would keep up the system 
capacity. In other words, serving millions of cars 
during commuting hour is absolutely feasible. 

• It is high performance: Using IEEE 802.11a, each 
drive-by at an InfoFueling station at 60 MPH would 
allow 1 0 Megabyte or more data to be transfen^ed. 
In other words, three songs could easily be trans- 
ferred during one single drive-by in just seconds. 

Brief Description of the Drawings 

[0051] The present invention will become more fully 
understood from the detailed description and the ac- 
companying drawings, In which: 

Fig. 1 1s a ptotorial illustration of "prior art" wireless 
communication systems; 

Fig. 2 is a systems Interaction diagram of an em- 
bodiment of the present invention; 
Fig. 3 is a pictorial illustration of wireless communi- 
cation options used in the method of Fig. 2; 
Fig. 4 Is a pictorial representation a wireless cover- 
age database record fomnat in accordance with an 
embodiment of the present Invention; 
Fig. 5 is a block diagram of a route-dependent com- 
munrcation planning architecture according to an 
embodiment of the present invention; 
Fig. 6 is a schematic of a data structure for moni- 
toring and reporting wireless coverage along routes 
in accordance with an embodiment of the present 
Invention; 



Fig. 7 is a flow chart of a monitoring routine used in 
an embodiment of the present invention; 
Fig. 8 is a system interaction diagram of a method 
of performing route dependent vertical handoff in 
5 accordance with an embodiment of the present in- 
vention; 

Fig 9 Is a map of the route traversed by a vehicle 
containing a wireless communication device with 
reference to Fig. 8; and 
10 Fig 10 Is an illustrative graph showing how an ap- 
plication may describe its preferred wireless com- 
munication requirements in accordance with an em- 
bodiment of the present invention. 

'5 Detailed Description of the Preferred Embodiments 

[0052] Refemng to Figs. 2 and 3, the route-based 
communication planning method of according to the 
present invention is described. (The elements of Fig. 1 

20 that are common to Figs. 2 and 3 are identified with the 
same reference n umber.) This method is particulariy ad- 
vantageous for use with mobile wireless data commu- 
nication applications, such as telematics applications, 
where data is being transmitted to and from the vehicle 

25 and will be described in that context, although the meth- 
od is not limited to mobile wireless data communication 
applications. 

[0053] A vehicle 18 has a mobile data communica- 
tions device 20, illustratively, a computer having one or 

30 more wireless modems. This computer could be an off 
the shelf computer, such as a notebook computer, a per- 
sonal digital assistant, or a computer built into the vehi- 
cle or another mobile device (a^., a cellular phone hav- 
ing data communication capability). The mobile commu- 

35 nications device 20 has a communication availability 
monitor 34 which has a database of wireless communi- 
cation networi( coverage infomiation 22 (shown repre- 
sentatively in Fig. 4) and a communication manager 36. 
Vehicle 1 8 also has a navigation system 26, such as that 

"^0 cun-ently available in vehicles. The navigation system 
26 provides infomiation describing a route 24 that the 
vehicle traverses and the location of the vehicle in the 
route, which it determines in a known fashion, such as 
from Infomiation obtained from a global positioning sat- 

45 eilite 28. 

[0054] As vehicle 1 8 traverses route 24, the mobile 
data communications device 20 is checking to deter- 
mine what wireless communication networks and sys- 
tems are available at particular points in the route, as 

50 described in more detail below. Based on the availability 
of the various wireless communication networks, the 
mobile communications device 20 detemiines whk:h 
one it should use when it reaches each particular point 
and more specifically, if it should switch networks. If mo- 

55 bile communications devk;e20 detemninesthat it should 
switch networtcs, such as from WAN 12 to MAN 14, it 
initiates the vertical handoff. Preferably, it does so in ad- 
vance of reaching the predetermined point In the route, 
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so that when the vehicle 1 8 reaches the predetermined 
point, the vertical hand-off occurs seamlessly and with 
minimum delay. Illustratlvety, the mobile communication 
device 20 knows how much time it takes to accomplish 
the vertical hand-off and, based on data such as the ve- 
hicle speed and the route the vehicle will take to reach 
the particular point, and initiates the request for the ver- 
tical handoff an appropriate amount of time in advance 
of the vehicle reaching the particular point so that the 
vertical handoff occurs seamlessly when the vehicle 
reaches the predetemriined point. 
[0055] More specifically, when vehicle 1 8 starts, com- 
munication availability monitor 34 obtains infonmation 
about route 24, illustratively from an external source 
such as the vehicle's navigation system 26. It then cre- 
ates a database of the coverage areas of the wireless 
networks and systems that mobile communication de- 
vice 20 can use as it traverses route 24. Communication 
availability monitor 34 at TO infonns communication 
manager 36 what wireless networks and systems are 
available, which in the example of Figs. 2 and 3, are 
WAN 12 and satellite network 1 0. Communication man- 
ager 36 then detemiines which wireless network to use, 
illustratively WAN 12 for reasons such as better cost or 
performance, and at T1 connects mobile communica- 
tion device 20 to WAN 12. 

[0056] As vehicle 18 traverses route 24, it reaches a 
point along the route that is a coverage boundary for 
MAN 1 4, indicated at T2-T4 (or just before the coverage 
boundary), where MAN 14 coverage is available. At T2, 
communication sen/ice availability monitor 34 informs 
communication manager 36 that MAN 14 coverage is 
now available. Communication manager36 detemiines, 
based on factors such as cost and perfonnance, that the 
network to which mobile data communication device 20 
is connected should be switched from WAN 12 to MAN 
1 2. At T3, communication manager 36 connects mobile 
data communteation device 20 to MAN 14 and after the 
connection is established, disconnects mobile data 
communication device 20 from WAN 12 at T4. 
[0057] Skipping to T14 fTS - T13 are described be- 
low), when communication service availability monitor 
34 detemiines that the vehicle will travel out of the cov- 
erage area for MAN 1 4 within a certain period of time, 
such as thirty seconds, it infonns communication man- 
ager 36. At T15, communication manager 36 connects 
vehicle 18 to WAN 12, which communication manager 
detennined was the best available choice, and at T16, 
disconnects vehicle 18 from MAN 12. 
[0058] Referring to Fig. 5, an illustrative architecture 
40 for the route dependent communication planning In- 
vention is shown. Architecture 40 includes wireless 
service availability monitor 34, communication manager 
36 and communication protocol stacks 38, all of which 
are illustratively implemented in software as part of mo- 
bile communication device 20. Wireless service availa- 
bility monitor 34 includes wireless coverage manager 
42, location manager 44 and integrated position sensors 



46. Integrated position sensors 46 are illustratively 
known types of position sensors that can detennine the 
geographic location of an object, such as an inertia! 
guidance system, a GPS system, andean also comprise 

5 an Interface with the navigation system 26 of vehicle 18. 
Architecture 40 also includes navigation system 26, that 
is coupled to wireless coverage manager 42, and one 
or more applications 47 that communicate with commu- 
nication manager 36 as described below. 

10 [0059] Although shown separately from wireless cov- 
erage manager 42 in Fig. 5, location manager 44 and 
wireless coverage manager 42 logically interact to the 
point where they can both be considered part of wireless 
coverage manager 42. Location manager 44 keeps 

15 track of the current location of vehicle 18 and notifies 
wireless coverage manager 42 when vehicle 1 8 reaches 
a location registered by wireless coverage manager 42. 
Wireless coverage manager 42 maintains networi< cov- 
erage database 22 and issues commands to communi- 
st' cation manager 36 to Initiate route based vertical hand- 
off. Integrated position sensors 46 obtain data indicative 
of the vehicle's geographic position, such as latitude and 
longitude, from sources such as the vehicle's navigation 
system 26 regarding the route 24 and the location of ve- 

25 hide 1 8 on route 24. 

[0060] As mentioned, wireless coverage manager 42 
maintains network coverage database 22 (Fig. 4). Infor- 
mation regarding the coverage for each particular net- 
work is obtained from available sources, such as the 

30 network provider and signal strength monitoring by mo- 
bile communication device 20. Illustratively, this infor- 
mation is obtained by communication manager 36 and 
passed on to wireless coverage manager 42 for 
processing and eventual storage in network coverage 

35 database 22. From this infonnation, the boundary loca- 
tions of the network coverage on ail the streets are de- 
tennined and these boundary locations stored in net- 
work coverage database 22. 

[0061] In an illustrative embodiment, the streets are 

40 divided into sections where a street section is a portion 
of a street in a digital map used In the navigational soft- 
ware used by the vehicle's navigational system 26. Each 
street section is illustratively identified with a unique in- 
teger, which allows easy sorting of the whole database 

^5 by street. Networi< boundary locations are the locations 
on particular street sections where boundaries for the 
wireless networks lies. Latitude and longitude values, 
illustratively obtained by integrated position sensors 46, 
are stored to pinpoint each boundary location. A radius 

50 is also specified for each boundary location so that its 
location Is precisely specified. An illustrative organiza- 
tion of database 22 is shown in Fig. 6. 
[0062] Wireless coverage manager 42 also updates 
the network coverage database 22 as updated networi< 

55 coverage information is received, such as from commu- 
nication manager 36. Wireless coverage manager 42 il- 
lustratively reacts to updated coverage information in 
one of two ways, if the update is for a location not pres- 
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ently in network coverage database 22, wireless cover- 
age manager 42 processes and stores it in networic cov- 
erage database 22 in the manner described above, if 
the update Is for a location that is presently in network 
coverage database 22, it compares the infonnation for 5 
that location stored in network coverage database 22 
with the update information (as processed), and if the 
update Infonmation Is different, updates the Infonnation 
In network coverage database 22 for that location. 
[0063] Preferably the running average method is used 
to make the update. The location value generated by 
the running average method lies somewhere between 
the old value and the update value. The exact position 
is determined by a parameter, illustratively determined 
heurlstlcally, that shifts the location value a certain per- 
centage toward the update location value. In this way, 
an abnormal update value would not destroy the integ- 
rity of the network coverage database. If the update val- 
ue persists In subsequent updates, then the value 
stored in the network coverage database for that loca- 
tion will eventually align itself to the update value. 
[0064] Wireless coverage manager 42 also predicts 
the network coverage for a particular route. Infonnation 
regarding route 24 that vehicle 1 8 is taking can be read 
In from a file or, as discussed above, obtained from the 
vehicle's navigation system 26. Wireless coverage man- 
ager 42 then develops a list of wireless network and sys- 
tems boundary locations along route 24 that vehicle 18 
is traversing and registers this list with location manager 
44, e.g, communicates the list to location manager 44 
which stores it. Wireless coverage manager 42 also de- 
tennines route turning points and registers these points 
with location manager 44. When wireless coverage 
manager 42 Is notified by location manager 44 that a 
registered location Is about to be reached, as described 
below, it checks to see if this registered location is a net- 
wori< boundary and if so, whether it Is appropriate to 
switch networks. It may be that the prefenred networi< Is 
being used and the network boundary about to be 
reached is for a different network. Also, it may be that 
even if the preferred networic is not being used and the 
registered location about to be reached is a network 
boundary for the preferred location, the amount of time 
that the vehicle will be in a coverage area for the pre- 
ferred network is so small that switching is not justified. 
If coverage manager determines that networks should 
be switched, it sends a command to communication 
manager 36 to initiate the vertical hand-off to switch net- 
works. 

[0065] Location manager 44 accepts the list of bound- 
ary locations along route 24 from wireless coverage 
manager 42 and stores it. Each location is specified In 
tenns of the following infonnation: 

• Street section (same Infonmation that is stored in the 
network coverage data base 22 for the particular 
street section) 

• Latitude, longitude (the location that location man- 



ager monitors for) 

• Notification radius (specifies how far ahead of 
reaching the registered location either in distance 
or in time that location manager 44 notifies the reg- 
istering component, usually, wireless coverage 
manager 42) 

• Notification status (specifies whether this location 
should be continuously monitored or if it is to be 
checked one time only) 

• Call back address (handler through which location 
manager 44 gives the notification) 

Illustratively, the data base structure for the database 
where location manager 44 stores the registered loca- 
tion infonnation is very similarto the structure of networic 
coverage database 22. 

[0066J Location manager 44 also obtains infonnation 
regarding the street on which vehicle 1 8 is traveling from 
an external component, such as vehicle navigation sys- 
tem 26, Each time vehicle 18 tums onto a new street, 
location manager 44 accesses its database for the list 
of registered locations on the new street and uses this 
list as the monitoring list. 

[0067] Fig. 7 is an illustrative monitoring routine used 
by location manager 44. At step 1 00, location manager 
44 obtains the current location of vehicle 18 and its 
speed from Integrated position sensors 46. At step 1 02, 
location manager 44 detennines whether any of the lo- 
cations in the monitoring list will be reached in the next 
time period, illustratively, one second. Location manag- 
er 44 makes this detenninatton illustratively based on 
the speed of vehicle 18. In this regard, the speed Infor- 
mation obtained by location manager 44 from integrated 
position sensors 46 is illustratively averaged with the pri- 
or speed infonnation, using the running average meth- 
od, and the averaged speed used to make the detemii- 
nation of whether a registered location will be reached 
in the next time period, illustratively, one second. This 
prevents the use of speed Information that might not be 
representative of the speed of the vehicle over the next 
second, which might be the case In the event of quick 
braking or acceleration. If location manager 44 deter* 
mines that a registered location will be reached in the 
next time period. It notifies the component that regis- 
tered the location, usually wireless coverage manager 
42, at step 1 04, and proceeds to step 1 06. If not, location 
manager proceeds to step 106. At step 106, location 
manager updates its monitoring list if appropriate, such 
as removing a registered location that was reached If It 
was registered for one time notification only. Location 
manager then waits for one time period at 108 and re- 
turns to step 1 00 and starts the monitoring routine over. 
Once the vehk:le travels within the radius for the regis- 
tered location, location manager 44 notifies the register- 
ing component that the registered location has been 
reached. 

[0068] Fig. 1 0 is a graph showing an example of how 
applications 47 can interact with communications man- 
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ager 36 to describe its communication requirement. This 
figure shows time to obtain content versus acceptable 
cost. This curve could be implemented as part of an ap- 
plication 47, as part of communication manager 36 and 
accessed by each application 47 via communication s 
manager 36, or as a separate database to which each 
application 47 has access. An application 47 illustrative- 
ly decides to request all the content from the current 
day's Internet edition of a major newspapers. The appli- 
cation 47 then can use the curve of Fig. 1 0 to decide the 
amount of time to request that the content be obtained 
In. For example, the requesting application 47 can re- 
view the curve of Fig. 1 0 and detemriine that the content 
can be obtained in less than five seconds at a cost of 
$0.50 or obtained in less than five minutes at a cost of 
$0.01 . Since a ten minutes difference in delivery time 
makes little difference when dealing with news content 
published dally, the application 47 requests communi- 
cation manager 36 to obtain the content within ten min- 
utes at the lowest possible cost. Communication man- 
ager 36 then utilizes this infomnation in determining 
which wireless service to use to obtain the content and 
when to use It. This interaction process between appli- 
cations 47 and communications manager 36 wili be 
temried herein as the unified content access layer API 
(applications program interface). 
[0069] In an illustrative embodiment, the curve, such 
as shown in Fig. 10, would not need to be defined in Its 
totality, but could be approximated by a few points, such 
as the highest cost/ shortest time, median cost, median 
time, and lowest cost/longest time. Also, In the example 
of Fig. 10, the factors considered are cost versus time, 
but it should be understood that these factors are illus- 
trative only and the decision curve used by communica- 
tion manager 36 can include other or alternative factors, 
such as power consumption, security, and others, and 
the methodology described will be equally applicable. 
[0070] The key importance of Fig. 10 is that it shows 
a particular method to design and implement the AP I for 
unified content access layer. The unified content access 
layer is mainly composed of communication manager 
36 and various other supporting components such as 
wireless service availability monitor 34. The general 
method to communicate In today's Internet is the TCP/ 
IP socket based programming model in which an appli- 
cation Interacts with the operating system's TCP/IP 
stack and open TCP channels for communication with 
other network computers. This model is fully supported 
by the unified content access layer. By allowing appli- 
cations to describe their communication requirements 
such as cost and perfonmance, the direct TCP/IP socket 
based communication method is even enhanced be- 
cause wireless network options will be chosen accord- 
ingly to accommodate each application's needs. Fur- 
thermore, a general delayed communication transaction 
model will be provided to applications so that they can 
simply request the sending and receiving of some data 
objects. This model is similar to FTP or HTTP GET 



method, in which an application describes a data object 
it needs to receive or send using a URL (for example a 
web page address) to the communication manager 
along with its requirement as shown In Fig. 1 0. The com- 
munication manager is In turn responsible for using the 
best wireless communication method at right place/time 
for the applications in the right order to attempt to satisfy 
all the applications' needs. 

[0071 ] In particular, an application now has an API for 
the following features: 

1 . An application can describe Its communication 
requirements in ternis of duration, bandwidth, cost, 
etc. to the unified content access layer. 

2. The unified content access layer can describe the 
available wireless options along the route and a 
general wireless communication quality prediction 
to the applications so that they would be able to de- 
cide when to use a particular wireless option. 

3. An application can now describe a data object for 
sending/receiving and associated timing and cost 
requirements to the unified content access layer. 
The unified content access layer will find the best 
way to achieve the requests received from all the 
applications. 

[0072] An example of the Interaction of elements of 
architecture 40 is described with reference to Figs. 8 and 
9. At T100, vehicle 18 (not shown in Figs. 9 and 10) 
starts and navigation system 26 detemiines the location 
of vehicle 1 8 on route 300, illustratively, the street loca- 
tion that vehicle 18 Is at. AtT101 , navigation system 26 
passes this information, such as vehicle 18 is on high- 
way 82 at location (x,y), to wireless coverage manager 
42. At T102, wireless coverage manager 42 looks up 
what wireless services are available at this location in 
network coverage database 22, which in the example 
shown in Figs. 9 and 1 0, is MAN and WAN, and passes 
this Information to communications manager 36. At 
T1 03, communication manager 36 decides whteh wire- 
less servtee to use, which in the example shown is MAN, 
based on factors such as cost and perfomiance. 
[0073] At T1 04, navigation system 26 figures out the 
details of route 300 and passes this Infonnatlon to wire- 
less coverage manager 42, such as vehicle 1 8 will travel 
south on highway 82 for ten minutes, tum south onto 
highway 85 and travel south on highway 85 for fifteen 
minutes, turn south on highway 280 and travel south on 
highway 280 for twenty minutes, and so on. At T105, 
wireless coverage manager 42, using the details about 
route 300 passed to it by navigation system 26, access- 
es networi< coverage database 22 and develops a pre- 
diction of the wireless communication services availa- 
bility for route 300, for example, as vehicle 18 travels 
route 300, it will have seventeen minutes of MAN cov- 
erage availability and thereafter will only have WAN cov- 
erage available. AtT106, wireless coverage manager 
42 requests location manager 44 to monitor for the MAN 
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coverage boundary on highway 85. 
[0074] At T1 07, navigation systenn 26 Informs location 
nfianager 44 of the location of vehicle 18 on route 300 
and its speed. At T1 08, location manager 44 determines 
that vehicle 18 is about to cross the IVIAN coverage 5 
boundary on highway 85 and informs wireless coverage 
manager 42 that vehicle 1 8 will cross the MAN coverage 
boundary on highway 85 In a certain time, such as ten 
seconds. At T109, wireless coverage manager 42 in- 
fomns communication manager 36 that vehicle 18 will 
travel out of the IVIAN coverage area in the certain period 
of time, such as ten seconds, and of the wireless com- 
munication services that will be available when that oc- 
curs, which in the example shown is WAN coverage. At 
T11 0, communication manger 36 Instructs communica- 
tion protocol stacks 38 to switch to WAN before the MAN 
connection is disrupted. 

[0075] A further embodiment of this invention utilizes 
the bandwidth available with wireless local area net- 
works, such as the 802.11 wireless i_AN, to burst data 
to mobile communication device 20 in the vehicle 18. , 
This method will be referred to herein as "Drive-By In- 
foFuellng." As has been mentioned previously, wireless 
LAN technology has generally not been used for mobile 
data communication due to Its very limited geographic 
coverage. However, many data communications do not 
need to be communicated to the mobile communication 
device 20 in real time. Therefore, InfoFueiing Stations 
45, which are LAN wireless base stations, can be 
spaced along streets and be used to burst data to the 
mobile communication device 20 at high speeds using 
the bandwidth available with LAN wireless technology, 
which Is currently around 1 1 megabits per second, when 
the vehicle enters the coverage area of a LAN wireless 
base station. An InfoFueiing Station 45 would illustra- 
tively comprise a computer, such as an internet server 
type of computer, a wireless LAN system, and be con- 
nected to the Internet via a high speed Intemet connec- 
tion, such as a DSL connection, cable connection, orTI 
connection. In this regard, it is important to Icnow which 
InfoFueiing Station's coverage area that the vehicle will 
encounter next and the route-based communication 
planning method described above can be effectively uti- 
lized to provide this infonnation. 
[0076] With reference to Figs. 2 and 3, Drive-By info- 
Fueling will now be described As vehicle 18 traverses 
route 24, communication availability monitor 34 infomns 
communication manager 36 at T5 that an Info-Fueling 
Station 45 will be reached in a certain period of time, 
such as five minutes. At T6, an application 47, such as 
a News Reader, sends a request to communication 
manager 36 that a large amount of content be down- 
loaded from the content provider, such as all of the day's 
new stories from the Intemet edition of a major newspa- 
per, within a certain period of time, such as ten minutes 
and at the lowest cost. At T7, T8 communications man- 
ager 36 requests through the current wireless networl< 
connection, MAN 1 4 in the example shown, that content/ 



service provider 49 (which is illustrativety the server 
handling the Internet edition of the major newspaper) 
forward this content to the InfoFueiing station 45 that 
vehicle 18 is approaching. In this regard, when commu- 
nication manager 36 requests the content, it accompa- 
nies the request with the Identity (illustratively, the IP ad- 
dress) of the InfoFueiing Station 45 to which the content 
is to be transfenred, which Is the Info-Fueling Station 45 
that vehicle 1 8 is approaching as advised by coverage 
manager 42. 

[0077] At T9, content/sen/ice provider transfers the 
content to the specified InfoFueiing Station 45 and the 
content Is cached at the specified InfoFueiing Station 
45. Communication availability monitor determines 
when vehicle 18 enters the coverage area of that Info- 
Fueling Station 45 and when it does, infomns communi- 
cation manager 36 at T10 that vehicle 18 has entered 
this coverage area. Alternatively, mobile data commu- 
nication device 20 could detemriine when vehicle 1 8 en- 
ters the coverage area for that InfoFueiing Station 45 
based upon the signal strength of that InfoFueiing Sta- 
tion 45. In any event, at Til communication manager 
36 requests that the InfoFueiing Station 45 download 
the cached content to vehicle 18, which InfoFueiing Sta- 
tion 45 does at T12, At T13, downloading is complete 
and the communication manager 36 transfers the down- 
loaded content bacic to the application 47 requested It. 
[0078] In another embodiment of the above Drive-By 
InfoFueiing invention, the wireless LAN base stations, 
InfoFueiing Stations 45, can be mobile and moved to 
locations to optimize the performance of Drive-By Info- 
Fueling. For example, during rush hour, additional Info- 
Fueiing Stations 45 can be moved Into the most heavily 
traveled areas to provide additional capacity, locate the 
InfoFueiing Stations 45 closer together, and so forth. 
[0079] Although the invention has been described in 
detail with reference to certain preferred embodiments 
and specific examples, variations and modification exist 
within the scope and spirit of the invention as described 
and as defined in the following claims. 
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route that it is traveitlng. 

3. The method of Claim 2, wherein the Information In- 
dicative of coverage areas for multiple info-fueling 

5 stations located along the route Is limited to bound- 
ary locations that are on streets of the route. 

4. The method of at least one of the Claims 2 and 3 
further including the step of obtaining updated m- 

10 formation concerning the coverage areas of the in- 
fo-fueling station options and updating a database 
with the updated Infonmation. 

5. The method of Claim 4 wherein the step of obtaining 
15 updated infomnatlon concerning the coverage are- 
as includes obtaining this infomiation from a provid- 
er of a wireless communication option. 

6. The method of Claim 4, wherein the step of obtain- 
20 ing updated Infomiation concerning the coverage 

areas of Info-fueling stations includes the wireless 
vehicle communication device monitoring signal 
strengths of the wireless communication options as 
it passes through the coverage areas for wireless 
25 commu nication options and developing updated in- 
fomiation concerning coverage areas for the wire- 
less communication options based on the moni- 
tored signal strengths of the wireless communica- 
tion options. 

30 

7. The method of claim 6 wherein the step of updating 
the stored infomiation comprises doing so with a 
running average method wherein the stored Infor- 
mation is the running average of initial Infomiation 

35 and subsequent update Information. 

8. The method according to at least one of the Claims 
1 to 7. wherein the said infomiation request identi- 
fies said info-fueling station to be used to send data 

40 to the wireless vehicle communication device and/ 
or said wireless communication network Identifies 
said info-fueling station to be used to send data to 
the wireless vehicle communication device. 
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Claims 

1. A method of fueling a vehicle with Information 
through a wireless communication device in said 
vehicle, comprising the steps of: 

(a) determining a predicted time when said ve- 
hicle will be able to communicate with an Info- 
fueling station having a predictable geographic 
position and high bandwidth but low geographic 
coverage; 

(b) sending a request for information from said 
vehicle through said wireless communication 
device to at least one wireless communication 
network; 

(c) routing said infomriatlon from an infomiation 
source in communication with said wireless 
communication network to said info-fueling sta- 
tion; and 

(d) downloading said requested information to 
said vehicle through said info-fueling station 
during the time that said wireless communica- 
tion device in said vehicle is in communication 
range of said info-fueling station. 

2. The method according to Claim 1 , wherein said de- 
temiination of the predicted time when said vehicle 
will be ableto communicate with the Info-fueling sta- 
tion having a predk:table geographic position and 
high bandwidth but low geographic coverage is 
comprising the steps of: 

(a) storing in the wireless vehicle communica- 
tion device route Information that Is Indicative 
of the route that the wireless vehicle communi- 
cation device will be traversing; 

(b) storing in the wireless vehicle communica- 
tion device infomiation indicative of coverage 
areas for multiple info-fueling stations located 
along the route that the wireless vehicle com- 
munication device will be traversing; 

(c) determining the info-fueling station to be 
used to send data to the wireless vehicle com- 
munteation device based on the location of the 
wireless vehicle communication device on the 



45 9. The method according to at least one of the Claims 
1 to 8, wherein said wireless vehicle communication 
device is coupled to an on-board communication 
networic In said vehtole. 

50 10, The method according to at least one of the Claims 
1 to 9, wherein said downloading of infomiation 
commences once the detected signal strength of 
communication between said communication de- 
vice In said vehicle with said Info-fueling station 

55 reaches a predetermined level. 

1 1 . The method according to at least one of the Claims 
1 to 10. wherein said wireless communication net- 
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work also routes previously stored requests for In- 
formation to said vehicle through) said info-fueling 
station to be used to send data to the wireless ve- 
hicle communication device. 

5 

1 2. The method according to at least one of the Claims 
1 to 11 , wherein at least one of the said info-fueling 
stations Is mobile to move the station to locations 
to optimize communication between the station and 

a plurality wireless vehicle communication devices, to 

13. A unifomi content access layer application program 
interface device for application programs that use 
mobile communication provided by a wireless com- 
munication device in a vehicle, comprising; 

(a) means for detemriinlng a predicted time 
when said vehicle wilt be able to communicate 
with an info-fueling station having a predictable 
geographic position and high bandwidth but low 
geographic coverage; 

(b) means for sending a request for infomiation 
from said vehicle through said wireless commu- 
nication device to at least one wireless commu- 
nication networl<; 

(c) means for downloading said requested in- 
fomiation routed from an infomiation source In 
communication with said wireless communica- 
tion network to said info-fueling station to said 
vehicle tlirough said info-fueling station during 
the time that said wireless communication de- 
vice in said vehicle is in communication range 
of said info-fueling station. 
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Fig. 1 (Prior Art) 
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